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We consider an alternative mechanism for the production of the cosmic microwave 



Q ! background (CMB) radiation. It is basically due to vacuum pair creation (VPC) 

Q I of vector bosons (W and Z) as a consequence of a rapid W and Z mass generation 

^ ■ during the electroweak phase transition in the early Universe. The mechanism is as 

follows: after their pair crreation, the vector bosons may either annihilate directly 
^ . into photons or decay into leptons and quarks which subsequently annihilate as 

^! lepton-antilepton and quark- ant iquark pairs into photons. Preliminary estimates 

Qh| show that the number of CMB photons obtained this way can be sufficient to explain 

^ ■ the presently observed CMB photon density. In this contribution we present an 

exactly soluble model for vacuum pair creation kinetics. 

> 

^ I The mechanism of CMB generation by means of primordial massive vector (W and Z) 

O ' boson pair creation with subsequent decay and annihilation processes was proposed in Refs. 
CN ' [D E]- "The motivation for such a scenario is that these particles are heavier than other 
^ . electrically charged particles and therefore they are born earlier in the process of cosmological 
Q I expansion. Preliminary estimates performed in [2], within the framework of a conformal 
cosmological model, show on a qualitative level that such a mechanism of CMB generation 
can indeed be effective. 

In the present work it is shown that this conclusion remains valid in the framework of the 
standard cosmological model in the FRW space. We use the system of kinetic equations for 
the description of the VPC of massive vector bosons in a nonstationary metric [3], H[ [5] as a 
methodical basis. The nonstationary gravitational field itself provides a source for vacuum pair 
creation. However, there is an additional mechanism of VPC based on the time dependence 
of the particle rest masses [El [71 E] during the electroweak phase transition. Since at present 
many details of the evolution of the Universe during the electroweak phase transition remain 
unknown, we use a Heaviside step function type time dependence for the rest mass of W 
and Z bosons (their mass difference is neglected here). On the other hand, the description 
of the longitudinal component of the massive vector field within the Wentzel model in the 
FRW metric gives considerable difficulties (all observable values related to particles with 
longitudinal polarization are described by divergent integrals). For the present discussion 
we assume that this problem may be solved and that the contribution of the longitudinal 
component is of the order of the transversal ones, as in the conformal model [21 [9l [TO]. In 
this work we show that under these assumptions together with reasonable parameter values 
characterizing the time dependence of the scale factor and the mass, the inertial mechanism 
can indeed provide qualitative agreement with the observed CMB photon density. Preliminary 
results were reported in Ref. [TT] . 



The VPC of massive vector bosons is described by the kinetic equation [H [5] 
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a{ri) and m{ri) are the scale factor and rest mass depending on the conformal time ?7, 



a;( J, r,) = [x^ + m\7])a\r])] . (3) 

The distribution function f{J,ri) is defined in the corresponding phase space of quantum 
numbers J = {X,l,m}, where A is the momentum quantum number that corresponds to the 
physical momentum k = \/a{rj). The last term in Eq. ([2]) is due to the inertial mechanism of 
vacuum particle creation [8]. The remaining notations are given in Refs. [HE]. We omitted 
the polarization indices in Eqs. ([1]), ([2]) according to the hj^othesis about the equality of 
longitudinal and transversal components. 

Since all fields were massless right up to the electroweak phase transition [12] , we suggest 
the equation of state of radiation p = e/3 to be valid at that stage of the evolution. The 
corresponding scale factor in such a case is 

a{rj) = tti sinh(?7), t = ai(cosh(?7) — 1). (4) 

We assume that the rest mass of the vector bosons is changed according to a Heaviside step 
function law 

m{T]) = TUf 0(7] - T]Ew), (5) 

as a consequence of electroweak phase transition, which occurs "instantaneously" at the time 
^Ew = 10~^° s. It is assumed that vector bosons are massless up to the phase transition and 
their final masses are equal to the presently observable ones, rrif = my/- According to [13], 
we take 9(0) = 1 at ?7 = r^EW, which corresponds to an ordinary definition of the quasiparticle 
energy ([3]) at ?7 < riEw{^{J,v) = ^) ^-nd at r] > ?7ew (see Eq. ([7]) below). 
The kinetic equation ([T]) can be solved exactly in this model, resulting in 

fUv) = ^ , I , , _^ , (6) 

where 



t^EW = y-^^ + "^/«EW ) «EW = a(?7Ew) • (7) 

In a vicinity of the phase transition, ri ^ ?7ew5 the first term on the r.h.s. of Eq. ([2]) being 
proportional to a! ja can be neglected in comparison to the second one. 

We are interested in the number density of the primordial W and Z bosons [H [5] , 



where (7 = 3 ■ 3 = 9, is the boson degeneracy factor (three isospin and three polarization 
degrees of freedom). The measure dfi{X) in ([8]) depends on a cosmological model. In the 



quasi- Euclidean space we have dfi = dX and the substitution of Eq. ([6]) into Eq. ([8]) leads 
to the result 
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This result is an upper estimate for the total particle number density because the increase in 
the vector meson mass during the electroweak phase transition is "smoother" than a Heaviside 
step function law says. It is assumed that the density IQ is equal to that of the relic photons 
as a consequence of a complete annihilation of the primordial vector boson pairs. 

In the cosmological model presented here, the measure in the integral ([8]) is rfyU = dX (A^ + 
1), which leads to an infrared divergence of this integral. 

It is further assumed, that the particle number density for later times is changed as a 
result of the expansion of the Universe, i.e. the present day photon number density equals 
no = Hew (o.ew/«o)^, where ao is the present scale factor of the Universe. According to Eq. ([9]) 
we obtain n^w = n{riEw) ~ 10^^ cm~^. 

The important role of electroweak interactions in the early Universe has already been 
emphasized in the literature (see e.g. [HI). The ratio a^^/ao can easily be obtained through 
the recombination point at = 10^^ s, when the radiation-dominated era (a ~ t^^^) changes 
into the matter-dominated era (a ~ t^/^), i.e.. 
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Taking into account that aEw/c^o ~ 10^^^ ^ 10^^^, we obtain a range of densities no ~ 
10 -^ 10^ cm~^, which includes the presently observed CMB photon density. 

In conclusion, we have shown that the presently observed relic photon density can be 
obtained from the inertial mechanism of particle production according to Eqs. and (jl]). 
Note that within the above scenario the massive vector bosons are created from the vacuum 
due to the inertial mechanism only. In other words, the W and Z bosons are created indirectly 
by the gravitational field in an empty Universe. Due to their subsequent weak decay into 
quarks and leptons, the cosmic matter content would arise with photons stemming from 
annihilation and decay processes. While the details of the kinetics of such processes remains 
to be worked out, there is another appealing aspect of this scenario: the triangle anomaly for 
the vector bosons might provide a mechanism [1] for the generation of the baryon and lepton 
asymmetry in the early Universe. 
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